Objective: To assess the prevalence and the profile of adverse events (AE) of natalizumab in patients with multiple sclerosis (MS). Methods: Data collection from neurologists attending to patients with MS at specialized units in Brazil. Results: Data from 103 patients attending the infusion centers of 16 MS units in 9 Brazilian states were included in the study. The total number of infusions was 1,042. Seventy-nine patients (76.7%) did not present any AE. Twenty-four patients (23.3%) presented only mild AE. There were three major AE, including two deaths. These three occurrences, although not necessarily being drug-related, must be taken into consideration. Conclusion: The profile of AEs for natalizumab shows that 97% of patients have none or only mild AE. However, still due to safety worries, the use of this medication should be restricted to MS units under the care of specialized neurologists.
Natalizumab (Tysabri ® , Biogen Idec) is a monoclonal antibody that inhibits leukocyte migration across the bloodbrain barrier through selective inhibition of α-4 integrin. Natalizumab effectively reduces inflammation in the central nervous system 1 and has been approved worldwide for treating relapsing-remitting multiple sclerosis (RRMS) 2 . This drug is used in intravenous infusions and should only be used by skilled neurologists in multiple sclerosis (MS) centers under monitoring programs 1 .
In Brazil, as in other countries, natalizumab has been recommended for use when both glatiramer acetate and interferon beta have failed to control the relapses and severe disease activity in RRMS 3, 4 . Guidelines from the Brazilian Academy of Neurology now indicate that natalizumab can be used as first line therapy or after failure of one immunomodulatory drug 5 . Safety concerns relating to the drug have limited the number of neurologists using natalizumab in many countries and, as a rule, only a small group of Brazilian neurologists have a few cases under their care.
Although the main safety issue with natalizumab is the development of progressive multifocal leukoencephalopathy (PML) 6 , other aspects of the drug also deserve attention. Reactions during infusions, which have been reported to occur in up to 10% of all patients 7 , require the specific care that only knowledgeable physicians will be able to provide.
It is imperative to widen the Brazilian experience with the use of natalizumab, including data on the profile of adverse events of this drug. Our population and health systems are unique and, therefore, we cannot simply absorb data from North America, Europe and Asia. The aim of the present study was to investigate adverse events to natalizumab and their medical management in Brazil. The study was conducted by an independent task force.
METHODS
Ethical approval was obtained for each institution according to their specific requirements.
Neurologists and health care personnel working at specialized MS centers in Brazil were invited to contribute to this study by sending details of infusion reactions in natalizumab-treated MS cases under their care. The study was independent of all pharmaceutical companies, academia, private or governmental institutions. Patients who had received immunosuppressive drugs in the past were only included in the natalizumab protocol if at least six months had elapsed since the end of immunosuppressive drug administration, in accordance with current Brazilian and international recommendations 3, 4 . Retrospective data from medical records were collected and forwarded to a central database. In order to maintain confidentiality, all information was given using only the gender and age of the patients. The total number of infusions and the occurrence and type of adverse event in each infusion were noted. Short term adverse events were considered to be those occurring during the infusion and up to 24 hours after that. Mild, moderate and/or severe adverse events were registered in detail. Since these records came from highly specific infusion centers in accredited hospitals, the information had been carefully noted by the medical staff. Management of adverse events by the medical team was registered.
The results are essentially descriptive and, therefore, no statistical analysis was required. In order to assess whether the presence of adverse events was correlated to gender or age of the patients, a simple Pearson correlation test was performed. Otherwise, results are simply the expression of mean values and standard deviations, as well as descriptive data.
RESULTS
Twenty-three neurologists and three health care professionals directly linked to the infusion centers of 16 MS units in 9 Brazilian states participated in the study. The database consisted of 103 patients who presented very aggressive RRMS without proper response and with inadequate disease control with the use of immunomodulatory drugs.
The group of MS patients consisted of 71 women and 32 men with an average age of 30.7±11.2 years (range: 17 to 62 years). All patients had clinical disease activity (relapses) and new lesions seen on magnetic resonance imaging, despite the use of immunomodulatory drugs (interferon beta and glatiramer acetate). The most severe cases were bedridden (three patients). Prior to the first infusion, all patients had been carefully screened for systemic infections, including tuberculosis.
The total number of infusions was 1,042, corresponding to an average of 10.1 infusions per patient (range: 1 to 41).
Seventy-nine patients (76.7%) did not present any adverse event during or after any of their 807 infusions. Twentyfour patients (23.3%) presented only mild adverse events, all of them within 24 hours after the infusion. The most frequent event was skin reaction during and immediately after the infusion in seven cases (6.8%). This reaction was characterized by general redness and/or pruritus and most doctors resorted to dexamethasone or prednisone to relieve these symptoms. There were no cases requiring withdrawal from natalizumab treatment, although four patients presented more than one episode of this allergy-like reaction.
Another mild side effect was headache during or immediately after the infusion, affecting six patients (5.8%). Generalized pain and/or muscle spasms, nausea, vomiting, hiccups, dizziness, high blood pressure, asthenia, fatigue, worsen of spasticity, respiratory infection, urinary infection, visual blurring, low fever and paresthesia were much less frequently reported and were typical of the two days following the infusion. Most side effects were observed in the first three infusions, but some patients presented the same symptoms in all or most of them. In general, the relationship between these side effects and the drug was considered to be "probable" or "very likely" by the doctors in charge of the cases. None of these adverse events required the patient to be withdrawn from natalizumab treatment. There were no correlations between age (p=0.36) and gender (p=0.57) and the presence of adverse events.
In summary, the most frequent adverse events observed during and immediately after the infusion of natalizumab were general redness and/or pruritus and headache. During the 48 hours following the infusion, mild and reversible unspecific symptoms were reported by 20 patients (19.4%).
When followed by a longer period of time, three cases presented more serious complications. One patient presented a moderate adverse event, characterized by fungal infection in the skin of the torso. The patient was bedridden and, although no culture was performed, the infection subsided with local use of antifungal creams. This infection recurred in every infusion between the third and the ninth doses, when natalizumab was then suspended. The infection did not reappear and the relationship with the drug was considered to be "very likely".
Two patients presented severe adverse events resulting in death. In both cases the fatal outcome occurred after the first infusion of natalizumab and these were not bedridden patients. The first case was a female patient aged 48 years who presented a relapse on the week subsequent to the infusion and, during this relapse, had cardiac infarction and arrest. The relationship of the drug to the patient's death was unclear, but cannot be ruled out. After careful investigation, there was no evidence of infections in the central nervous system to explain the neurological symptoms and, therefore, the adverse event was considered to be a relapse rather than encephalitis. The second patient who died was a female aged 37 years, who presented a relapse 48 hours after the infusion. She then presented a massive respiratory infection, acute respiratory failure and septicemia, culminating with death 60 days after the infusion. Again, the relationship between the fatal outcome and the drug could not be confirmed, but could not be ruled out either. Like in the first case, the adverse event was again considered to be a relapse rather than encephalitis after all the investigations.
Except for the cases of moderate and severe adverse events, one case intending to become pregnant and for two cases of JC virus with previous use of immunosuppressive drugs, all other 97 patients continue to receive the drug. Although the aim of this study was not assessing efficacy of the drug, all neurologists using natalizumab reported that they were satisfied with the results in controlling aggressive RRMS. This group of authors agrees that natalizumab is an important therapeutic option for MS and must remain in the health system reimbursement. Any further comments on drug efficacy would be unwise since the study design did not contemplate this assessment.
DISCUSSION
Natalizumab is a very specific monoclonal antibody for treating MS. As is the case with all monoclonal antibodies, the very good efficacy profile of these drugs shares space with important safety concerns 8 . Although the prevalence of moderate and severe adverse events is typically low 8 , it must be kept in mind that treatment with all monoclonal antibodies may be related to opportunistic infections, development of tumors and autoimmune phenomena, allergic and anaphylactic reactions, cytokine release syndrome and, possibly, heart failure 8, 9 . With natalizumab in particular, the main concern is opportunistic infection by the JC virus, which gives rise to a condition of severe PML 1, 6, 10 . Some countries have specific pharmacovigilance protocols for reporting on PML and other side effects with natalizumab 3 , but Brazil is not one of them. In Brazil, adverse events are reported directly to the national agency for pharmacovigilance (ANVISA). While the clinical characteristics and incidence of PML are clear in the mind of all neurologists prescribing natalizumab, other side effects, such as short term infusion-related adverse events, are not often discussed. The present study reporting on the profile of adverse events for natalizumab in Brazil is the first independent and multicenter national work on this subject.
Skin reactions to natalizumab have previously been reported 1, 7, 8 and are usually managed by injections of corticosteroids. They do not usually require suspension of the drug treatment, unless the reaction is triggered by antibody-mediated reactions 7, 11, 12 . In our series of patients, natalizumab treatment persisted and the doctors medicated the patients presenting skin reaction, with dexamethasone or prednisone prior to all other infusions, with good results. Headache, mild infections and fatigue which were found in our study, are among the common mild adverse events reported in clinical trials 13 . None of these or other mild and limited side effects culminated with drug withdrawal in our series of patients.
Although adverse events occurring after 48 hours of the infusion were not the objective of this study, the profile of moderate and severe adverse events observed here was relatively uncommon and particularly worrying. Severe dermatological fungal infection has previously been described 14 , but no further reports have followed that initial one. The fatal cases observed in our study were particularly different from those reported in the literature, where death was mainly related to later development of PML. The two female adult patients with severe adverse events in our study both presented their complications in the very first infusion, which led them to death. One patient died of a heart attack and the other had severe lung infection, respiratory distress and septicemia. Congestive heart failure has been suggested (but not confirmed) as a possible side effect of natalizumab 15 , while recurrent pericarditis has been reported once 16 . To clarify whether deaths observed in these patients are a fatality or the results of uncommon adverse events, is beyond the scope of the present study. Patients undergoing natalizumab treatment are often severe cases of MS, and may be more prone to complications due to their frailty. However, as the relationship between natalizumab and these deaths cannot be excluded, the authors recommend additional attention to myocardial infarction and severe pneumonia during the use of natalizumab.
One important limitation of the present report is the immortal time bias 17, 18 . Observational studies are subject to this factor, which can be clearly understood if it is considered that patients who have undergone one or two infusions without adverse events are not comparable to those who had already undergone 30 or more infusions and presented adverse reactions. The explanation is that the patient with few infusions and no side effects may still be subject to more infusions and develop symptoms that have not appeared at the time of this cross-sectional evaluation. Patients with more infusions may have a better survival profile, meaning that they may have overcome problems that patients with fewer infusions will still have to face in their treatment. This type of bias could explain why the two fatal cases occurred after the first drug infusion. It is difficult to overcome this bias in a study like this one, and awareness of this possibility must be raised. However, in addition to other observational studies, cross sectional observations such as this one will help to compensate for other potential biases 19 . In summary, natalizumab is a good option for the treatment of MS and has a satisfactory efficacy profile with regard to many aspects of the disease 1, 10, 20 . However, the adverse events relating to patients using this drug are still being learned. The more restricted recommendations on the use of natalizumab 3, 4 are giving space to more flexible indications of the drug 5 .
Results from the present study showed that 97% of our patients had no or only mild adverse effects to the infusions, not requiring treatment interruption. Although this fact is very reassuring, it is important to highlight that there were cases of moderate and severe adverse events after the second day of the infusion. However small and with dubious relation to the drug, the number of deaths is worrying and should be part of a specific database accessible to all neurologists in the country. These moderate and severe adverse events must be regularly reported to the pharmacovigilance agencies and made known to all neurologists in Brazil. As a word of caution, it would be advisable that only skilled neurologists in MS centers under surveillance programs should use natalizumab. Exactly the same recommendation is found in the Cochrane database review 1 .
In conclusion, a very large number of patients in this study presented no adverse events on natalizumab. The moderate and severe side effects observed in our patients reported here are a word of warning. Endorsing the recommendations of the Cochrane review, the authors agree that natalizumab should only be used by experienced neurologists who must report adverse events to the national pharmacovigilance agency ANVISA.
